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In t roduc t ion  

This note  p re sen t s  the  r e s u l t s  fo r  t he  e f f e c t s  of intrabeam s c a t t e r i n g  on 

the  long i tud ina l  and t r ansve r se  beam dimensions f o r  a beam of Au n u c l e i  a t  var-  

ious  ene rg ie s  corresponding t o  y = 5 to y = 100, and f o r  t i m e  per iods  of up t o  

10 hours .  
. _  - 

Intrabeam s c a t t e r i n g  i s  the  s c a t t e r i n g  of the  p a r t i c l e s  i n  the  beam from 

each o the r  through the  Coulomb fo rces  t h a t  a c t  between each p a i r  of 

p a r t i c l e s .  This causes the  beam dimensions t o  grow both long i tud ina l ly  and 

t r ansve r se ly ,  and r e s u l t s  i n  requirements f o r  t he  t r ansve r se  ape r tu re  and the  

EU? a c c e l e r a t i o n  system. The beam growth a l s o  a f f e c t s  t he  c o l l i d e r  per for -  

mance, as the  instantaneous luminosi ty  w i l l  decrease wi th  t i m e .  

The L a t t i c e  

The l a t t i c e  used is  the  RHIC-3 l a t t i c e  (J .  Claus, RHIC proposa l ) .  In the 

focussing r egu la r  quadrupoles yp = 1.39 m, R, = 51.4 m. A t  t he  c ross ing  

po in t s  R, = .9 m, 6, = 6.3 m. 

used t o  provide the  a c t u a l  v a r i a t i o n s  of yp,  Rx,  6, around the  r i n g  f o r  t he  

The SYNCH output  tape f o r  the  RHIC-3 l a t t i c e  w a s  

c a l c u l a t i o n s .  
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The I n i t i a l  Beam S t a t e  

For the i n i t i a l  beam dimensions, the  normalized h o r i z o n t a l  and v e r t i c a l  

emit tances  were assumed t o  be % = Ey = 10 m . r .  For the  i n i t i a l  lon- 

g i t u d i n a l  dimensions, it w a s  assumed t h a t  the bunch a rea  w a s  .3 ev-sec/amu f o r  

y smaller  than the  t r a n s i t i o n  y, y = y t  = 26.4; and f o r  y > Y t  t he  bunch a rea  

w a s  assumed t o  be 1 ev-sec/amu. The r m s  energy spread ,  6 = (Ap/p> r m s ,  and 

the  rms bunch l eng th ,  OR, a r e  then computed assuming an RF vo l t age  of V = 1.2  

x 10 6 v o l t s  and the harmonic number h = 6 x 57. 

x 

The i n i t i a l  bunch length ago v a r i e s  from 99 crns a t  y = 7 ,  down t o  about 

37 crns a t  y = 20 (near  the t r a n s i t i o n  y> and then up again t o  about 48 crns a t  

Y = 100. a t  y = 7 ,  

up t o  4.6 x 10-3 a t  Y = Y t  and then down again t o  .36 x 

The i n i t i a l  rms energy spread ,  60, v a r i e s  from .75 x 

a t  Y = 100. 

The f i n a l  beam s t a t e  a f t e r  2 o r  10 hours is  not  s e n s i t i v e  t o  the  i n i t i a l :  

beam s t a t e ;  f a i r l y  l a r g e  changes i n  the  i n i t i a l  beam s t a t e  tend t o  change the  

f i n a l  s t a t e  by a comparatively small amount. 

t = 10 h r  Resul t s  (Table I> 

Table I l i s t s  the  i n i t i a l  beam s t a t e ,  60, ( 5 ~ , ~ ,  Eo and the  f i n a l  beam 

s t a t e  6 ,  OR, E a f t e r  t = 10 h r s ,  f o r  var ious  ene rg ie s ,  from y = 7 t o  y = 100. 

Also l i s t e d  a r e  the  f i n a l  rms t r ansve r se  beam dimension OE = xp6, OH = OV, (OF, 

and OH are given a t  the  focussing quadrupoles where X = 1.39 m and 8 = 51.41, 

and the  95% beam half-width 2.5 (aE + oH>. 
P 

The h o r i z o n t a l  and v e r t i c a l  o s c i l l a t i o n s  a r e  assumed t o  be f u l l y  coupled, 

and thus OH = OV throughout the  t i m e  t he  beam is growing. 

Luminosity r e s u l t s  a r e  also l i s t e d  in Table I. The luminosi ty  decreases  

with t i m e  because of intrabeam s c a t t e r i n g .  The following luminosi ty  r e s u l t s  
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Table I. 
_ _ ~  

Y 7 12 20 30 50 75 100 

I n i t i a l  Beam 

8 
0 

(Cms) 

E: / 1 ~  (mm.mr) 

F i n a l  Beam 
t=10 h r s  

0 

( Ap /PI 
bucket / 10 -3 

Luminosity 

L 
0 

.751 

98.6 

10 

67.2 

1.45 

191 

9.07 

2.02 

27.2 

22.7 

3.63 

2.72 

.868 

.214 

-- 
-- 

.678 

63.3 

10 

44.5 

1.56 

146 

5.64 

2.17 

19.1 

14.1 

3.91 

3.82 

1.49 

.319 

.475 

.218 

.696 

36.9 

10 

35.8 

1.79 

95 .O 

3.92 

2.49 

15.7 

-9.80 

4.48 

6.72 

2.48 

.389 

.965 

.458 

1.26 

45.2 

10 

33.2 

1.98 

71.2 

3.08 

2.76 

14.3 

7.70 

4.96 

9.95 

3.72 

.422 

1.57 

.776 

.643 

53.2 

10 

27.7 

1.54 

128 

2.18 

2.15 

10.6 

5.45 

3.87 

4.31 

6.20 

.476 

2.95 

.642 

.452 

50.5 

10 

27.8 

1.27 

142 

1.78 

1.77 

8.70 

4.45 

3.18 

3.19 

9.30 

.471 

4.38 

.709 

.359 

47.7 

10 

27.8 

1.09 

146 

1.54 

1.53 
* _  - 

7.52 

3.85 

2.74 

2.68 

12.4 

.470 

5.83 

.800 
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are l i s t e d .  

erage luminosity over 10 hours f o r  head-on c o l l i s i o n s  divided by Lo, 

L ( a  = 01, the average luminosity f o r  head-on c o l l i s i o n s ,  and L ( a  = 21, the 

Lo, t he  i n i t i a l  luminosity f o r  head-on c o l l i s i o n s ,  LA~/L , ,  t h e  av- 

average luminosity f o r  a 2 m r  crossing angle.  For a period of  10 hours ,  c o l l i d e r  

ope ra t ion  appears p o s s i b l e  down t o  about Y= 12. A t  Y = 7 ,  c o l l i d e r  ope ra t ion  

appears p o s s i b l e  f o r  t = 2 hours ,  and the luminosity r e s u l t s  f o r  y = 7 are 

given i n  Table 11. The luminosity r e s u l t s  are f o r  1.2 x lo9 ions/bunch. 

t = 2 h r  Resul ts  (Table 11) 

Table I1 shows e f f e c t s  of intrabeam s c a t t e r i n g  over 2 hours .  The same re- 

s u l t s  which are l i s t e d  i n  Table I are l i s t e d  i n  Table I1 f o r  a t i m e  i n t e r v a l  

of 2 hours in s t ead  of 10 hours.  

..._ Operation a t  Low Y, Y < 12 - 
Below Y = 12 ,  the l i f e t i m e  of t he  beam i s  l imi t ed  by intrabeam s c a t t e r -  

ing. The f i r s t  l i m i t  one meets i s  the s i z e  of the RF bucket;  the Ap/p of the 

beam begins t o  exceed the maximum Ap/p of the bucket.  

time when the energy spread i n  the beam equa l s  t he  maximum energy spread of 

Using as a c r i t e r i a  t h e  

the bucket ,  one f inds  t h a t  ope ra t ion  a t  y = 7 .s l imi t ed  t o  2 hours ,  and a t  

y = 5 t o  .65 hours. The r e s u l t s  f o r  ,y = 7 are g iven  i n  Table 11. For y = 

5 ,  one f inds  t h a t  over .65 hours 

26 Lo = .62 x 10 

L / L ~  = .63 

L ( a  = 0) = .39 x 10 26 

26 L (a = 2) = .23 x 10 
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At Y = 5, the beam dimensions start at 6, = .818 x 

€,/IT = 10, and, after .65 hours, grow to 6 = .93 x 

UH = 8 mm, UE = 1.29 mm, and beam half-width = 23 mm. 

Uko = 128 cm, 

Uk = 145 cm, 
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Table 11. 

Y 7 12 20 30 50 75 100 

I n i t i a l  Beam 

6 
0 

E ~ / B  (mrn.mr) 

Final Beam 
t=10 h r s  

B e a m  Half-Width 

( Ap /PI 
bucket/ 

Luminosity 

L 
0 

L*VILO 

L (u=o)/1026 

L ( a=2x1~-3) 

.751 

98.6 

10 

41 .O 

1.14 

149 

7.08 

1.58 

21.2 

17.7 

2.79 

2.72 

.868 

.348 

.302 

.159 

.678 

63.3 

10 

27.4 

1.23 

115 

4.42 

1.71 

15 .O 

11 .o 

3.08 

3.82 

1.49 

.506 

.753 

.338 

.696 

36.9 

10 

22.4 

1.41 

75 .o 

3.09 

1.97 

12.4 

7.72 

3.54 

6.72 

2.48 

.596 

1.48 

.702 

1.26 

45.2 

10 

20.4 

1.60 

57.5 

2.41 

2.23 

11.4 

6.02 

4.01 

9.95 

3.72 

.645 

2.40 

1.15 

.643 

53.2 

10 

18.3 

1.18 

97.7 

1.77 

1.64 

8.36 

4.42 

2.95 

4.31 

6.20 

.677 

4.20 

.969 

.452 

50.5 

10 

18.5 

.951 

106 

1.45 

1.32 

6.80 

3.62 

2.38 

3.19 

9.30 

,665 

6.18 

1.09 

.359 

47.7 

10 

18.7 

.817 

109 

1.26 

1.14 
- _  - 

5.88 

3.15 

2.04 

2.68 

12.4 

.663 

8.22 

1.23 



7 

Figures 

The following f i g u r e s  show the growth of  the beam due t o  intrabeam scat- 

t e r i n g .  Most of  t he  graphs p l o t  information l i s t e d  i n  the two t a b l e s .  Figure 

3 and Figure 8 show the t i m e  dependence of t he  beam halfwidth and the  luminos- 

i t y .  
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 5 
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